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[57] ABSTRACT

New substituted aryl ethylenes are disclosed which are
produced by dehydration of the corresponding a- or
B-(substituted aryl)ethyl alcohols or by dehydrohalo-

genation of the corresponding a- or 3-(substituted aryl-
Yethyl halides.

3 Claims, No Drawings



4,329,507

1

SUBSTITUTED ARYL ETHYLENES

This is a divisional of application Ser. No. 909,643,
filed May 25, 1978 now abandoned which is a Div.

Appl. of Ser. No. 734 592 filed 10-21-76 now aban-
doned.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This invention relates to new compounds, substituted
aryl ethylenes and a process for producing the same and
a process for producing a-(Substituted aryl)propionic
acids which are derived from substituted ary! ethylene,
have anti-inflammatory effect, antalgic effect and anti-
pyretic etfect and the precursors thereof, esters of a-
(substituted aryl propionic acid.

{2} Description of the Prior Art

German Laid-Open Patent Publication No. 2426160

discloses compounds of the formula:

(O)n—

R R3

wherein n=0 or 1, X is an alkyl- or alkenyl group with
2 to 6 carbon atoms, and the residue Rj, Ry and Rj are
the same or different and hydrogen, chlorine or fluorine
atom and, when n=0, likewise bromine atom or a lower
alkyl-, lower alkoxy-or hydroxy group, provided that at
least one of the residues R;, Ry and R3is not hydrogen
and, when n=0, at least one of the residues Ry and R1is
not hydrogen. The compounds are said to have valuable
therapeutic properties including anti-inflammatory,
analgesic and antifebrile properties. No examples are

found of the compounds of the formula where X is
vinyl.

SUMMARY OF THE INVENTION

An object of the present invention is to provide now
substituted arylethylenes.
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Other and further objects, features and advantages of 4

the present invention will appear fully from the follow-
ing description.

‘The compounds of the present invention represented
by the general formula:

RI—_CH=CH; (1)

wherein, R1 stands for 2-fluorobiphenylyl, 3-phenox-
yphenyl, 3-benzoyiphenyl or 4-isobutylphenyl repre-
sented by the general formula, R1—CH=—CH, (Rlis the
same as that defined above) with carbon monoxide in
the presence of a lower alconol of the formula: RZOH
where R?is a lower.

The substituted aryl ethylenes, can be readily pre-
pared, for example, by dehydration or a- or 8-(sub-
stituted aryl)ethyl alcohols or by dehydrchalegenation
of a- or B-(substituted arylethyl halides which are
represented by the general formula,

RI—~CH—CH; II

|
X Y
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wherein R! has the same meaning as that defined above,
and one of X and Y stands for hydrogen and the other
for hydroxyl or a halogen atom.

1. Substituted aryl ethyl alcohols or halides

The compounds represented by the general formula
(I1), which are suitable for the starting material for
preparation of the substituted aryl ethylenes, include an
a-(substituted aryl)ethyl alcohol, a S8-(substituted aryl-
Jethyl alcohol, an a-(substituted aryl)ethyl halide, and a
B-(substituted aryl)ethy! halide. In formula (II), the
halogen atoms represented by X and Y are chlorine,
bromine and iodine, and the substituent in the substi-
tuted aryl group R! is not especially limited as to its
number and position for substitution as long as they are
within the theoretical possibility.

These compounds represented by formula (II) can
readily be prepared in the same way as in the processes
for preparation of common aralkyl alcohols and aralkyl
halides.

For example, an a-(substituted aryl)ethyl alcohol is
prepared by reduction of the corresponding substituted
aryl methyl ketone, or by reaction of the corresponding
substituted aryl magnesium bromide with paraldehyde;
and a S-(substituted aryl}ethyl alcohol is prepared by
reduction of the corresponding substituted aryl acetic
acid or an ester thereof, or by S-hydroxyethylation of
the corresponding substituted aromatic compound with
ethylene oxide via Friedel-Crafts reaction.

An a- or S-(substituted aryl)ethyl halide is prepared,
for example, by halogenation of the corresponding sub-
stituted aryl alcohol or substituted aryl ethane with a
halogenating agent, or by chloroethylation of the corre-
sponding substituted aromatic compound with paralde-
hyde and hydrogen chloride. |

Examples of the a- or 8-(substituted aryllethyl alco-
hols or halides suitable for use in the present invention
include: a- or 8-(3-phenoxyphenyl)ethyl alcohol, a- or
B-(4-iscbutylphenyl)ethyl alcohol, a- or S-(4-benzoyl-
phenyl)ethyi alcohol, a- or S3-(2-fluoro-4-biphenylyl-
Yethyl bromide, chloride, a- or 8-(2-xanthyl)ethyl a- or
3-(3-benzoylphenyl)ethyl chloride, a- or 8-(4-1scbutyl-
phenyl)ethyl chloride, a- or B8-(4-isobutylphenyl)ethyl
bromide, a- or 8-(3-phenoxyphenyl)-ethyl chloride.

2. Dehydration or dehydrohalogenation step

The step of dehydration or dehydrohalogenation of
the compounds represented by the general formula (II)
to obtain the substituted arylethylenes (I) can be carried
out in accordance with the methods for dehydration of
known aryl ethyl alcohols or those for dehydrohalogen-

ation of known aryl ethyl halides.

Some methods therefor are explained in the follow-
mng.

These reactions proceed in a good yield and with less
formation of by-products. The resulting substituted
arylethylenes are stable compounds, and can generally

~ be purified by means of a single distillation or re-crys-
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tallization to obtain the products with a sufficiently high
purity, which can be used as the material for subsequent
carbonylation step.

(1) Dehydration of a- or 8- (substituted aryl)ethyl
alcohols |

(2) Liquid-phase heating under atmospheric pressure

An a- or S-(substituted aryl)ethyl alcohol and 1 to 20
moles, preferably 3 to 10 moles of dimethyl sulfoxide
per mole of the alcohol are heated under atmospheric
pressure at a temperature of 100° to 250° C., preferably
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130° to 190° C,, in the presence of 0.1-30% by weight,
preferably 1- 15% by welght of the alcohol of a poly-
merization inhibitor.

The polymerization inhibitor to be used 1s exempli-
fied by hydroqulnone m-dinitrobenzene, N-nitrosodi-
phenylamine, picric acid, sodium sulfite, qumhydrone
and the like.

(b) Liquid-phase heating under reduced pressure

Heating is generally carried out in the presence of a

sulfate compound used as a dehydration accelerator.
~ As the sulfate compounds are employed sodium hy-

drogensulfate, potassium hydrogensulfate, potassmm
pyrosulfate and the like.
As a polymerization inhibitor is used the same one as
in the above-mentioned step (a).
- The alcohol is mixed with 0.01 to 10%, preferably 0.1
to 5% by weight of a sulfate compound and 0.1 to 30%,
preferably 1 to 15% by weight of a polymerization
inhibitor. The mixture is heated at a temperature of 100°
to 280° C., preferably 195° to 250° C. under reduced
pressure of 10 to 600 mmHg, preferably 20 to 400

mmHg.

(c) Gas-phase heating

Reaction is carried out in gaseous phase by contact-
ing under heating the alcohol with an activated alumina
or a caustic alkali.

Into a heated bed of an activated alumina or of a
caustic alkali such as sodium hydroxide and potassium
hydroxide, is introduced the alcohol under reduced
pressure, or in the presence of a diluent gas such as
nitrogen or carbon dioxide, or together with a volatile
solvent such as an aromatic hydrocarbon or an ether,
e.g. benzene, toluene, xylene or dioxane.

In case that an activated alumina is employed, it is
suitable to heat the reaction system generally to 120° to
400° C., preferably 150° to 350° C., under a reduced
pressure of 10 to 600 mmHg, preferably 20 to 400
mmHg, or in the presence of 1 to 40 moles and prefera-
bly 5 to 20 moles of a diluent gas such as nitrogen or
carbon dioxide per mole of the alcohol or, when the
alcohol is a solid, in the presence of 0.01 to 10 moles,
preferably 0.1 to 5 moles of a volatile solvent such as an
aromatic hydrocarbon or an ether, e.g. benzene, tolu-
ene, Xxylene and dioxane per mole of the alcohol. In case
that a caustic alkali is used, it is suitable to heat the
reaction system to 100° to 250° C., preferably 120° to
200° C., under a reduced pressure of 2 to 200 mmHg,
preferably 5 to 100 mmHg, or in the presence of 1 to 40
moles, preferably 5 to 20 moles, of a diluent gas such as
nitrogen or carbon dioxide per mole of the alcohol or,
when the alcohol is a solid, in the presence of 0.01 to 10
moles, preferably 0.1 to 5 moles, of a volatile solvent
such as an aromatic hydrocarbon or an ether, e.g. ben-
zene, toluene, xylene and dioxane per mole of the alco-
hol.
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(2) Dehydrohalogenation of Q.- Or B (substituted aryl-

Jethyl halides | |

(a) Heating together with a base

The bases to be used are exemplified by orgamc bases
such as pyridine, guinoline, plperldlne plperazme, ani-
line, N, N-dimethylaniline, and inorganic bases such as
sodium hydromde and potassium hydroxide.

Reaction is carried out by heating a mixture of the

halide with 0.8 to 30 moles, preferably 1 to 15 moles, of

the base per mole of the halide generally at a tempera-
ture of 0° to 260° C,, preferably 20° to 220° C.
(b) Heating with an amine hydrochlorlde under re-

duced pressure

60
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The amine hydrochloride to be used is a hydrochlo-
ride of a secondary or tertiary amine such as diamyla-
mine hydrochloride, triamylamine hydrochioride,
dihexylamine hydrochlonde, and trihexylamine hydro-
chloride. =

Reaction is carried out in gaseous phase by passing
the halide through a molten amine hydrochloride
heated at 150° to 300° C. and preferably 170° to 270° C,,

at a reduced pressure of 20 to 760 mmHg, preferably 50
to 200 mmHg, or in the presence of 1 to 40 moles, pref-

~erably 5 to 20 moles, of a diluent gas such as nitrogen or

carbon dioxide per mole of the halide or, when the
halide is a solid, in the presence of 0.01 to 10 moles,
preferably 0.1 to 5 moles, of a volatile solvent such as an
aromatic hydrocarbon or an ether, e.g. benzene, tolu-
ene, xylene and dioxane per mole of the halide.

3. Substituted aryl ethylenes
The substituted aryl ethylenes thus obtained are the

compounds represented by the foregoing general for-
mula (II). -

Some compounds thereof are illustrated in the fol-
lowing table, which are believed to be novel com-
pounds. The names of a-(substituted aryl) propionic
acids obtained by carbonylation of the substituted ary!
ethylenes are also shown in the table. |

Corresponding a-
(substituted aryl)
propionic acids

Substituted aryl |
ethylenes

a-(2-fluorc-4-biphenylyl)

(1) 2-fluoro-4-vinylbiphenyl
propionic acid

(2) 3-phenoxystyrene

O

(3) 3-vinylbenzophenone

@—E@___

(4) 4-isobutylstyrene
CH3

>CHCH2—@J

CHj;

a-(3-phenoxyphenyl)
propionic acid

a~(3-benzoylphenyl)
propionic acid

c-(4-isobutylphenyl)-
propionic acid

EXAMPLE 1

In 750 ml. of carbon tetrachloride was dissolved 10 g
of 2-fluoro-4-ethylbiphenyl. Then to the solution were
added 10 g of N-bromosuccinimide and 0.1 g of benzoyl
peroxide. After cooling, a solid substance was filtered
off, and from the filtrate containing a-(2-fluoro-4-
biphenylyl)ethyl bromide was distilled off the carbon
tetrachloride. The residue thus obtained was dissolved
in 500 ml. of ethyl alcohol, and then added with 17 g of
potassium hydroxide. The resultant mixture was re-
fluxed under heating for 1 hour. After cooling, the
reaction mixture was poured into 2.5 1. of water, and
then subjected to extraction with benzene. The benzene

layer was washed with water, and dried with magne-

sium sulfate. The benzene in the layer was distilled off,
and the resulting residue was subjected to column chro-
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matography. From hexane eluate was obtained 5.5 g of
2-fluoro-4-vinylbiphenyl. -
Yield: 56 mole %, refractive index np?33: 1.6119
Nuclear magnetic resonance spectrum (CClg) § ppm
5.29: (1H, dd) | |
5.73: (1H, dd)
6.72: (1H, dd)
7.07-7.70: (8H, m)

EXAMPLE 2

In 250 ml. of dimethyl sulfoxide were dissolved 7.0 g
of a-(3-phenoxyphenyl)ethyl alccohol and 0.5 g of m-
dinitrobenzene as a polymerization inhibitor. The solu-
tion was subjected to reaction at 160° C. for 10 hours.
After cooling, the reaction mixture was incorporated
with 250 ml. of dichloromethane, and washed with 600
ml. of water. The resultant dichloromethane layer was
separated after removal of the dimethyl sulfoxide, and
dried with magnesium sulfate. Then the dichlorometh-
ane i the layer was distilled off under reduced pressure,
and the resultant residue was subjected to column chro-

matography. From hexane eluate was obtained 4.75 g of
3-phenoxystyrene.
Yield: 75 mole %, np?4: 1.5980
Nuclear magnetic resonance spectrum (CDCl3) 6
ppm
3.26: (1H, dd)
5.72: {1H, dd)
6.67: (1H, dd)
6.75-7.52: (9H, m)

EXAMPLE 3

(1) To 6 g of a-(4-isobutylphenyl)ethyl alcohol were
added 12 g of dimethyl sulfoxide and 0.1 g of m-dinitro-
benzene as a polymerization inhibitor. The mixture was
stirred at 160° C. for 8 hours. The resultant reaction
Iiquor was cooled, diluted with water and then sub-
jected to extraction with benzene. After the resulting
organic layer was dried with magnesium sulfate, the
solvent was distilled off. The residue thus obtained was
distilled to give 4.2 g of 4-isobutylstyrene having the
following physical properties.

Yield: 78 mole %

boiling point: §2-84° C./2.4 mmHg

colorless liquid, np?0=1.5218 |

Infrared absorption spectrum: 1625, 1381, 990, 904,
910 cm—*

Nuclear magnetic resonance spectrum (in CDCl3) &
ppm
0.89: (6H, ¢)
1.5-2.2: (1H, m)

2.42: (2H, d)
5.11: (1H, dd)

- 3.60: (1H, dd)
6.65: (1H, dd)
6.9-7.4: (4H, m)

Elemental analysis: theoretical: C: 89.94, H: 10.06.
found: C: 89.96, H: 9.92.

The 4-isobutylstyrene thus obtained was of a high

purity, and could be used without further purification

other than only a single distillation for subsequent reac-
tion.

EXAMPLE 4

(1) To 20 g of a-(4-isobutylphenybethyl chloride was

added 80 ml. of pyridine, and the mixture was heated at
115° C. for 6 hours. The resultant product was poured
into a mixture of 130 ml. of concentrated hydrochloric
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acid—370 g of ice, followed by extraction with chloro-
form. - :

After the chloroform solution thus obtained was
dried with magnesium sulfate, the chloroform in the
solution was distilled off. The resultant residue was
further subjected to distillation to give 11.7 g of 4-1sobu-
tylstyrene. Yield: 65 mole %.

EXAMPLE 5

(1} Through a glass tube which was packed with
alumina and heated at 270° C. were passed downward
1590 g of a-(4-isobutylphenyl)ethyl alcoho! and nitro-
gen gas at a liquid hourly space velocity of 1.0 hr3l land
space velocity of 2100 hr—1, Effluent gas was collected
by a receiver cooled with dry ice-methanol to give 1360
g of 4-1sobutylstyrene.

Yield: 95 mole %

EXAMPLE #

To 40 ml. of anhydrous tetrahydrofuran solution
containing phenylmagnesium bromide prepared from
0.53 g of magnesium and 3.4 g of bromobenzene was
added dropwise at rcom temperature 20 ml. of anhy-
drous tetrahydrofuran solution containing 2.3 g of 3-
cyanostyrene. After agitation for 2 hours at room tem-
perature, 30 ml. of 1 N agueous hydrochloric acid was
added dropwise to the tetrahydrofuran solution, and the
resultant mixture was agitated for further 30 minutes.

The tetrahydrofuran layer was separated, washed
with water, aqueous sodium hydrogen carbonate, and
then water again, followed by drying with magnesium
sulfate. Tetrahydrofuran was distilled off, and the resi-
due was subjected to column chromatography.

From the benzene eluate was obtained 1.9 g of 3-
vinylbenzophenone.

Yield: 51 mole %, np?4:1.6174
Nuclear magnetic resonance spectrum (CDCl3) &

PD
5.31: (1H, dd)

5.78: {1H, dd)

6.79: (1H, dd)

7.36-8.01: (9H, m)

While the present invention has been particularly
shown and described with reference to preferred em-
bodiments thereof, it will be understood by those skilled
in the art that the foregoing and other changes and
modifications can be made without departing from the
spirit and scope of the invention.

We claim:

1. The compound of the formula

0@

2. The compound of the formula

H=CH>.

3. The compound of the formula
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CH—CH; CH=CH;.
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